Two moderately halophilic and alkaliphilic bacteria, designated strains BH1
sequences of the two strains were 99.9 % similar. DNA-DNA hybridization results indicated high levels of relatedness (88 and 85 % reciprocally). Similarities with recognized species were less than 90.2 %. The phylogenetic and phenotypic characteristics indicated that strains BH1
T and HN5 represent a novel species in a new genus, for which the name Geomicrobium halophilum gen. nov., sp. nov. is proposed. The type strain is BH1 T (5JCM 15647
Halophilic micro-organisms require NaCl for growth, while alkaliphilic micro-organisms use Na + for the adjustment of intracellular pH, solute transport and flagella rotation (Krulwich et al., 1982) . Thus, both depend on NaCl for growth. A number of haloalkaliphilic species that belong to the genus Bacillus and related genera, such as Alkalibacillus, Gracilibacillus and Halobacillus, have been isolated from various saline environments (Fritze, 1996; Jeon et al., 2005; Romano et al., 2005; Spring et al., 1996; Wainø et al., 1999) . In recent years, however, some haloalkaliphilic strains such as Alkalibacillus silvisoli (Usami et al., 2007) , Bacillus oshimensis (Yumoto et al., 2005) and Halalkalibacillus halophilus (Echigo et al., 2007) have been isolated from ordinary field soils in Japan. In the present study, we report on the isolation and characterization of moderately haloalkaliphilic strains BH1 T and HN5 from ordinary soils in Japan. We suggest that these strains represent a novel species in a new genus.
Soil samples were taken from a forest in Kawagoe City and a garden in Kawasaki City, Japan. The two sampling sites were about 50 and 5 km from the seashore, respectively. Soil samples were taken from near trees or plants. The pH values of the soil extracts were slightly acidic, pH 5.0-6.0. The isolation medium (JCM medium No. 611, with 20 % NaCl) O, 200.0 g (3. 4 M) NaCl and 20.0 g Bacto agar (Difco) (pH 7.2). After autoclaving, the pH was adjusted to 9.5 by adding precalculated amounts of sterile 10 % (w/v) Na 2 CO 3 solution. About 0.5 g of the soil samples was placed on agar plates, spread with a spatula, and incubated at 37 u C for 3 weeks in a plastic bag to prevent desiccation. Colonies were picked up, transferred to fresh agar plates, and pure cultures were obtained by plating serial dilutions and repeated transfers on agar plates. After partial sequencing (about 500 bp of the 59-end) of PCR-amplified 16S rRNA genes of 29 isolates, two strains, BH1
T isolated from a forest soil in Toyo University, Kawagoe City, and strain HN5 isolated from a garden soil in Kawasaki City, were selected for further characterization. The 16S rRNA gene sequence similarity between strains BH1
T and HN5 (1479 bp) was 99.9 %. In addition, DNA-DNA hybridization assessed by the fluorometric method of Ezaki et al. (1989) showed high levels of relatedness (88 and 85 %, reciprocally), suggesting that these two strains should be classified within the same species.
Growth characteristics, production of acid from carbohydrates and sensitivity to antimicrobial agents were determined as described previously (Echigo et al., 2007; Usami et al., 2007) . All phenotypic tests were carried out in JCM medium No. 611 with 10 % NaCl and incubated at 37 u C. Cell morphology was studied using a phase-contrast microscope (ZEISS; Axiovert 135) and a scanning electron microscope (JEOL; JSM-7400F). Endospore formation by strains BH1
T and HN5 cultivated under various conditions [30 and 37 uC for 1, 2 and 3 days in/on liquid and agar medium (JCM No. 611) with 5, 10, 15, 20 and 25 % (w/v) NaCl, pH 7.0, 8.0, 9.0, 9.5 and 10.0] was determined by spore-staining according to the method of Wirtz-Conklin (Murray et al., 1999) intervals, pH 9.5, 37 u C; pH of 5.0-11.0 at 0.5 intervals, adjusted by 10 % (w/v) H 2 SO 4 solution or 10 % (w/v) KOH solution, 10 % (w/v) NaCl, 37 uC; and temperature of 10-70 u C at 10 u C intervals, 10 % (w/v) NaCl, pH 9.5. Strains BH1
T and HN5 grew in 5-25 % (w/v) NaCl, with optimum growth at 10-15 % (w/v) NaCl. No growth was observed in media with 0-4 % NaCl. Viable cell numbers did not decrease when cells grown in 10 % NaCl medium were suspended in distilled water for 1 h at room temperature. Growth occurred within the pH range 6.0-10.0, with optimum growth at pH 8.5-9.0. The pH values of media adjusted to pH 6.0 and 10.0 were 6.1 and 6.3, and 9.7 and 9.4, at early-exponential and stationary phases, respectively. The temperature range for growth was 20-40 u C, with optimum growth at 30 u C. Anaerobic growth was not observed in an anaerobic jar after incubation for 7 days at 37 u C. Tests for catalase, oxidase and decarboxylase activities, starch, pullulan, casein, gelatin, Tween 80, tributyrin, DNA, hippurate, aesculin, urea, tyrosine, xanthine and hypoxanthine hydrolysis, indole and H 2 S production and reduction of nitrate were performed according to the standard or modified procedures of Smibert & Krieg (1981 , 1994 , Oren et al. (1997) and Schlesner et al. (2001) . Strains BH1
T and HN5 were catalase-, oxidase-and ornithine decarboxylase-positive, but arginine decarboxylase-and lysine decarboxylase-negative. Casein and gelatin were hydrolysed, but starch, pullulan, Tween 80, tributyrin, DNA, hippurate, aesculin, urea, tyrosine, xanthine and hypoxanthine were not hydrolysed. Indole and H 2 S were not produced from tryptophan or thiosulfate. Reduction of nitrate was not detected by using the sulfanilic acid and anaphthylamine reagent, and formation of gas from nitrate was not detected using Durham tubes under anaerobic conditions. HPLC analysis of isoprenoid quinones, GC/MS analysis of fatty acid methyl esters and TLC analysis of polar lipids were performed according to the modified procedures of Minnikin et al. (1984) , Tamaoka (1986) and Komagata & Suzuki (1987) . Strains BH1 T and HN5 were cultivated at 30 u C for 3 days in JCM liquid medium No. 611. The isoprenoid quinones of strains BH1
T and HN5 were menaquinone-7 (MK-7) and menaquinone-6 (MK-6) with ratios of 71 : 20 and 64 : 18, respectively. No other significant peaks were observed. The phospholipids of strains BH1
T and HN5 were diphosphatidylglycerol and phosphatidylglycerol. The cellular fatty acid profiles of strains BH1
T and HN5 were characterized by saturated branched fatty acids such as i-C 15 : 0 , i-C 17 : 0 and i-C 18 : 0 (42 : 24 : 10 and 39 : 30 : 8, respectively).
Preparation of peptidoglycan and determination of its structure were performed according to the modified procedures of Schleifer & Kandler (1972) , Schleifer (1985) and Schlesner et al. (2001) as described previously (Echigo et al., 2007; Usami et al., 2007) . The resulting fingerprints were compared with those from known peptidoglycan structures. Strains BH1 T and HN5 possessed A1c, meso-diaminopimelic acid-type murein.
Total DNA was extracted by the method of Saito & Miura (1963) . The DNA G+C content of strains BH1
T and HN5, determined by the HPLC method of Tamaoka & Komagata (1984) , was 45 and 46 mol%, respectively. The 16S rRNA genes were amplified by PCR with the following forward and reverse primers: 59-AGAGTTTGATCCTGGCTCAG-39 (positions 8-27 according to Escherichia coli numbering) and 59-GGCTACCTTGTTACGACTT-39 (positions 1510-1492). The amplified DNA was cloned using the TA Cloning kit (Invitrogen) and sequenced using the ABI PRISM BigDye Terminator v3.1 Cycle Sequencing kits (Applied Biosystems) with the primers 59-GGAAACAGC-TATGACCATG-39 (vector side), 59-GACTACCAGGGT-ATCTAATC-39 (positions 805-786), 59-AGGGTTGCG-CTCGTTG-39 (positions 1115-1100) and 59-GTAAAAC-GACGGCCAGT-39 (vector side) on the ABI PRISM 310 Genetic Analyzer (Applied Biosystems). The 16S rRNA gene sequences of strains BH1
T and HN5 (1479 bp) were 99.9 % similar, but showed very low similarities with those of any recognized species. The 16S rRNA gene sequence of strain BH1
T was most closely related to that of Bacillus salarius [90.2 % by the FASTA system (Pearson & Lipman, 1988; Lipman & Pearson, 1985) and 89.9 % by the EzTaxon server 2.0 (Chun et al., 2007) ], Bacillus pseudofirmus (90.0 % and 90.3 %), Planomicrobium okeanokoites (89.3 % and 90.1 %), Bacillus akibai (89.3 % and 89.9 %), Marinococcus halophilus (88.9 % by FASTA) and Sinobaca qinghaiensis (88.1 % by FASTA). These values are sufficient to permit classification of these strains as a different genus (Ludwig et al., 1998) . The sequences of related strains retrieved from the DNA Data Bank of Japan (Miyazaki et al., 2003) were aligned using CLUSTAL_X 2.0.9 (Larkin et al., 2007) . The length of the 16S rRNA gene sequences used in the phylogenetic analysis ranged from 1380 bp (B. salarius; AY667494) to 1553 bp (Bacillus subtilis; X60646). The neighbour-joining tree was reconstructed using the method of Saitou & Nei (1987) , and was evaluated by bootstrap sampling methods (Felsenstein, 1985) , based on 1000 replicates. Maximum-likelihood analyses were performed with RAxML 7.0.4 using the GTR+C model (Stamatakis et al., 2005) . Support values for the maximum-likelihood tree were obtained by bootstrapping (100 replicates) using CONSENSE in PHYLIP. The neighbour-joining tree ( Fig. 1) and maximum-likelihood tree ( Supplementary Fig. S2 ) showed that strains BH1
T and HN5 were closely related to M. halophilus, B. salarius, S. qinghaiensis and other Bacillus species but formed another distinctly separate cluster.
Phenotypic properties of strains BH1
T and HN5 supported the view that the isolates were distinguishable from the most closely related species, M. halophilus DSM 20408 T (Hao et al., 1984) , B. salarius DSM 16461
T (Lim et al., 2006) and S. qinghaiensis DSM 17008
T (Li et al., 2006) (Table 1) . Cells of strains BH1
T and HN5 were beanshaped and formed irregular clusters, whereas B. salarius was single rod-shaped and M. halophilus and S. qinghaiensis were in single spherical form. The predominant isoprenoid quinones of strains BH1 T and HN5 were MK-7 and MK-6, whereas MK-7 was predominant in B. salarius and M. halophilus, and MK-5 in S. qinghaiensis. The major cellular fatty acid of strains BH1
T and HN5 was i-C 15 : 0 , whereas the three most closely related species possess ai-C 15 : 0 . The other selected characteristics that distinguish strains BH1 T and HN5 from the three most closely related species are shown in Table 1 . The above phylogenetic and phenotypic characteristics indicated that strains BH1
T and HN5 represent a novel species in a new genus, for which the name Geomicrobium halophilum gen. nov., sp. nov. is proposed.
Description of Geomicrobium gen. nov.
Geomicrobium (Ge.o.mi.cro9bi.um. Gr. n. ge soil; N.L. neut. n. microbium a microbe; N.L. neut. n. Geomicrobium a microbe from soil). disc), novobiocin (25 mg per disc), penicillin G (25 mg per disc), rifampicin (50 mg per disc), streptomycin (100 mg per disc), tetracycline (50 mg per disc) and vancomycin (25 mg per disc); resistant to anisomycin (50 mg per disc), kanamycin (50 mg per disc), neomycin (25 mg per disc) and pravastatin (50 mg per disc).
Ornithine decarboxylase-positive, but arginine decarboxylase-and lysine decarboxylase-negative. Casein and gelatin are hydrolysed; starch, pullulan, Tween 80, tributyrin, DNA, hippurate, aesculin, urea, tyrosine, xanthine and hypoxanthine are not hydrolysed. Indole and H 2 S are not produced. Reduction of nitrate and gas formation are not observed. The phospholipids are diphosphatidylglycerol and phosphatidylglycerol.
The type strain is strain BH1 T (5JCM 15647 T 5DSM 21769 T ), isolated from ordinary soil from a forest in a campus of Toyo University, Kawagoe City, Saitama Prefecture, Japan.
